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Project Summary

A large fraction of dissolved organic matter (DOM) in seawater is
composed -of biologically refractory (non-utilizable) substances. The
formation -and-destruction pathways of this organic matter are- still
unknown. One potentially important removal pathway that has not been
quantified is sunlight-induced (photochemical) break down of DOM in the
sea surface. Important breakdown products include biologically
utilizable compounds, especially low molecular weight (LMW) carboxylic
acids, formate and acetate, and a-keto -acids glyoxylate and pyruvate.
Therefore, we- used organic acid photo-production in seawater as a tool
to evaluate the- importance of photo-fragmentation -of biologically
refractory organic matter in the sea. Laboratory studies, integrated
with a sea-going program, SOLARS, was used to establish a broad data-
base for the spatial and temporal distribution of organic acids in
coastal and oceanic water-s. With this data base, and associated
biological turnover and photochemical production measurements, we
determined that the photochemical. production of these compounds, when
completed- to their biological turnover, plays -a major role in the
geochemical cycling in the sea.
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-Photochemical source of 80 75W 70jk.;6<

-sub trat s in Oc Gulf of.biological sustats n s Maine

-sea- water:i imnplicationis Ui

-for carbon- cycling 4
Da-vid J. Kieber t t, Julie -lcDaliel t

& einethi Moppe-rtt

Rosenstiel School of Marine and Atirospfictic Science. University of
'MiamI. 4600 Ricerrbacker Causeway. Miami. Florida 33149. USA 35N~

DI.SSoixi:1, organic carbon (I)OC)-in sea itter-represents uric
or the I argfst reservoirs or carbon ol file cavlh'.' helrcmain fraction
of (its DCC is generally hellesced to-be copipoiscd or od,12 flijologi.
cnilly refractory rrrateriat3 such as Irumic srrbstances.-for rtlrichle 3eremoinl nrclrnnisurr reirtain largely tinkniown. Olie potentially 3

lImjOr(ant re doval I process In thle ocean-that has not becen iniesti-
gated-is thle photochemrical breakdowni or this lIOC in thre photic
700C to formi biologically labile-organic products.-Ifere Ire show QHr
that biological uptake of pyritsiatc-is-bigirly corrclated-to its-rate Sargasso Soo
of phollochernical production in sea watcr-(r =0.96),-and that tie 25
Oh~toc enlcal-pr~nirsor(s) of pyruvate is front thep fraction of

IIOClisinga nmina moecuar-eigh of500 I is i tie frs! FIG. 1' Map of sampling locations. Gul! of Maine. a, Wilkinson Basin.evie n ha lotonrial-nobcrew of-50 ig- ioesn-iglfrst 4235.7'N. 6934.9 'W. b. Ammen Rockc. 42'53.8' N. 68*E6.6* W.; aMonheganevidncethnphoochnlicl beakownof igh-oleuli-weght Island, 43*44A4N. 69^19.2'W.- d Acadia National Park. 44*7.7*-N.mrarine DOC, ihich is-presunmably biologically refractory. resiltis 6~07 .Gl tem .2~85.74.~':f31. .7'38
I hi-prodrictionof a compilound tint is used by planktoin as a Sargasso S<,a: & 2721.'N. 73112.6'W. It. 2720.9 N. 73'14.9'V; 4.
substrate. Our resuts base Important Implications for tfie oceanic 272L.4 N. 7j-16.4 W.- Biscayne Bay. Florida. ,.-2T41.0 N. 80^08.1'W.
carboq.,cycle, panrtictularly with respect- to pliriktonic-foorl-ieb)
dinr-mins and file- global carbon budget.

We collected -surface seawater samples lFroiri a 6aric:t3 of of pyruilate 1'. at tlie amubliclit substrate cvrreentratiori froin the
coa1stal ;inld -oligoiropltic stations (Fig. 1) during- tlie SOI.ARS equationi:
(Sttrdy.Qf Light Activated Reactions-i n (lie Serr).cruiscs. D~etails
of sampling procedures- will lie presented else~liere (J)..K. ef
aI.,-mnanuscript inpreparation). hiriefly, we deter ruined thle bio- Concuirent with uptake studics, wec exposed- .2;mflee
logicarl uptake of pyru'.ic acid by meiasuriigits aiiibicittsubstr~rte seatitvre samiples to sunlight to determine rates of photo-
cohlcerrtration S,, by hligh pefforurance liquid dironrratogriapry' chcrcnical proiduction of pyruvatc. Irradiations. ranging frrm -1
and deterirrining (lhe turn -over time -t, of jpyruvarte-at ;S, using to 1 Ill -were carried out at miidday between -10. 00 and- 14. 00
tlrd-respiration corrected kinctic apiproach'~. Tyvpic~aI .S, '.ahics lof-al tilic. &1aniplc fi:tration hlas, ro sigiiificant effect onl phot -o-
ra:'j-d~ front 0.2 to 2.0 nM ror oligottroplris slai iuis anrd 0.9- to iincral production rates of pyruvate when perforinilcarefutlly
6:2-jM ror coastal stations. WVe added [2 'C) I I ellcd pyruivalt tsucli as grariity filtratori through a Whatrii (ir/c filter fol.
to -uitiltered Sea%'.itcr Sariples to-obtlain (rircc) ntr~tiolill in e loxwed by) %vachiini filtrationi through a O.22-Inir nylon filter at- a
range 10- 121) tit; we ridd glutlrrafilehyde to plril;itc cootrols pressure dillereriti'll~t in 10 mil 1)".
trol.s to .uccoriit f*or Illiologi.11 proceSSes (SUc11 aw.admior ption Using dalta-[riniseveral field loc-atior%, we plotted tile uptake
onto particlecs). We ircubaltd tie sainples in arcid %ashed poly- rtec orFP pyr-rc, .it S,, ag.jilrst its% rate of phrotochecmical produc-

-ca.rbonate bottles placed iii a water bath arid exposedl to sunlight.
'rlrcre is evidence tri, light inhibits uptake, or organic stibl 2.5-
str~ttesr': nevrthieless, tire iircubmuioirs were (lone uirdcr 11lr :
corrditiorrs bricrusc lhr mrost clo~ely rellcccd-rirrb~iient coi(ii.
tions iii surt'ace sear waiter. lin crises where we mairde HLght-drirk .4 2.0.
conrinrisonis to estiriutie tile rirngnitudc, oF phlotoiniriitioii or -
utiplak, thre light rates of pyruvatc: uptake were withn 20% IF or
tfire correspondcingg dark ratses (DJK cl ati, urrptnonisrrenl restuirs,. ~15
Sairiples were incubated rront 0.2 to -1.7 Ii at corrstai startionrs anid
from 3 to -13 In rur offshiore sites in, tire GulFi Stminur mill tire 10

-Sargarsso Sea. We chose intcubationr tinecs Such that. ill mlost
instances. tliesubstrrrtc uptauke was <10%1 ait thie lowest ;rddilioi: -

(-

ramount rc-sliredIo carboni dioxside. Irei turnover--tinny isili1c
-%c. rt icmil-axis iirterccept oF tire lot or tie io ii~iiatito (uric divided n

fly t lie Fraction of iso ie Itukeii upt Us ~ ir uctiori of coirceirtiol 0.0-
ofadticd iryru~ ate. Tinnre-cotirse cxperinrerrts licrt'oriicd mit echl 0 2 4 6 8
stinol slio wcl talimitlec uptaike (IF pyrtivar t ii, all Canses wras linrear r
dluring urculvliois' (IlU.K. cIl tit: rtmnuscript ili llr~ircp rron)._ ltortiir riInj
A rcer oiioinrg .5,, anid I,,. %u' Cc.r i ca Ic rh.r tc tirC 1i 11t.rk c rante rIG, 2 Mlnopgic- ..t n n tolrae ot pyrhimfliQ ptontrI ainut its midday rate or

pisl'rinivimi., itrrinri flisp tflf in,"il It,, nu inl flst't.ar wans derlrrsnrt'
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Determination Of low-mole1cular-weight carboxylic acids
in aqueous sairiples by -gas chromnatography

and nitrogen-selective detection- of 2-nitrophenyihydrazides

APPIAlIIUItAI VAliRAVAMIUR Il**Y * and KENNE.TH MOPP'1R

D~iifin ofllfar,'nc and A:'taimpicri- Clrniurrt. I enrdSholqAf,,candeA::imophcric Sci ene. Unhimrity of lioail.
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(Rcccevcd dth J.nneary 1990)

A Hl RACI'

A-S-is chromatographic methiod was develop~ed for thie dt~eriniition of Iow-mnolccul.-r-weiptht carhoxylic acuIs in
aqiseous samples- bnsed oil a -dcriva i7ation jnFoccdure comlp.atible vilt naqalcohss solution.-. 1 he teclinliqcc ss
nitrorgen-selective detection with 2 tlifniioiic-trieciric detector :after derivatition or carboxytic licid- as 2-

deiva lives appea r to tic stnble in ethyl acetate lit 0-5 *C for- long pctdocls and. therefore. can be storcd for arnlysis attoiayhdzdc.Ileydids-r xrcedvt itl enir nj-cinitoi 8s chonlg ajil i 2 oI
later date. -ire detection limits of different short-chanin acids-ire-in the rnn) cP.R-M. rilo pcr-ilijccted sample. 411e
relative standard deviation is lcs, than 10%~ at time I- imM lcvcl. Dxamnplcs of tile use of tile orcihond nre givenl for-tile
determination of-carboxylic-acids-in anoxic marine sediment pore waters 1 coastal sea water-mand Jilack Sea -water

sanirpies. ACI_;,,(L(/0 -;_jr0-sJ,')"r A
Keywordi: Carb~oxylic acids;, Watcrs- A ~ . u s, f

Low-miolecular-wezight carboxylic acids _(ali- eliectrophoresis, such as. isotachophioresis (31 and-
phintic, short-chain, Ct-CS) arc important -capillary .7onie ciccirophorests 141 ]lave also -been
nietabolitcs and- intcrincdintcs iii biological used, but thlcir d(lctjtijfllitmits are usually- highcr
proccsscs atid-nre widely dispersed in lic-environ- titan-those of chromatogrtaphic, methodis. CC and
metlit, including aqtuatic bodies andl sedimcints. LIC tmethods -ustually rcqouirc chictiicil dcrivatiza-
Several gas (G;C) anid liqtuid cltroniatogrphic (1,C) tion of carboxylic. acids to cnhancc dctcctability,-
methods Ihave been reported for [licit Zctcriia- ch roili tograp-i tic scparaiortand'solutc Volatility. 0'

Ition at- low nanomnolar to mlicromolar Icouccitra- For GC, carboxylic acids have been converted to
tions in aqueous samplcs. Ion chromatography alkyl esters suich as methyl 151, bcti7yl [6,7] or

!comibined with conductivity- detccuion cpn be used -pentafliomobcl)7yl e~stcrs-18-111. In LC methods,
for -analysis of relatively clean maltices such- is dcrivatizalious with absorbing or-fluorescent labels
rain 11] and glacial ielt waters 121, but is not %Vcll suich as p-broinophecnacyl bromide 1121, pCilta-
suited for complex -iotnic -matrices Stich as sca -flurobetizyl bromide 1131 or coumiarins 1141 have
water or seidimnt pore water. Methods based on been commonly used.

In almost ill previous studies, it was necessary

P'resent address: Environmental Chiemistry Divisioni, Depart- toseap settsertcpirtohc(rvtia
ment of Applied Science, Brookhtaven National Laboratory, lion of cirboxylic acids because an organic
Upton. NY 11973. med~ium was required for thle labelling reaction.

0003-2670/90/M0.5O0 1990 - Elsevier Science Publirlhers IILV.
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Free amino acids in marine rainis: Activated Rcactions-in -thc Sea). These cruises were located fin
idaionandthe Gulf of Mexico (R' Cope Florida.) and in different locaionseviden~ce for- oxidton in the northwest Atlantic Ocean (RV Cotumbus lselin)-(Table

potential role--in nitrogjn cycling 1). Amino acids, primary amines and ammionium were analysed
on board by high performance liquid chromatography in con-

Kennieth Moppe-r &-Rod G. Zika junction- with -prccolumn fluorescence dcrivatization -with - a-
phthalaldchydc and a _tljiol3. For some samples two different

UIniversity or Mhimi,-Rosenstiel School or Marine and Atmosphzric thiols, 2-mercaptloethanot (ME) and N-acctyl--L-cysteine
Science, Division or Marine and:Atniospheric Chemnisty. (NAC), were- enmployed in separate derivatizations. This -was
4600 Rickenbacker- Causeway, Miami, Florida 33149, USA- done to verify the identification of specific aminoi acids,-sincc

_______________________________________________ the thioil used fin the-reaction greatly alters the-chromatographic
selectivity of the fluorescent derivatives. In addition, the use of

Previous studies of dissolved organic nitrogen (DON) in precipita- NAC results in thie separation of I, and D iantiomters4-aridaso
tion have addressed various aspects of nutrient transport and global permits more sensitive detectioni ofammoniun thant Mv E. Secon
nitrogen cycling!. In-most of these studies however, -t(e- detailed dary and tertiarynamines cannot be determined by this technique-

checa' cmpsitonofDON was not determ Ined. -Ana lyses of Extreme care was exercised to eliminate contamination di-ring
specifi.: organic nitrogen compounds within precipitation can-yield sampling. Rain samples were collected with acid washied-glass
new informaition-ab-out sources and transformations orl)ON as Funnels and-bottleszthant were rinsed several- times with.-rain
well as about heterogeneous oxidative processes in tlie atnnosphc rc. before the actual-samples were taken. Air was sampled-using
Dissolved rree amino acids (DFAA) are a class of compounds for an all glass impinger-filledl with deionized water; thie -air -flowv
which surprisingly-few annlyses In precipitation-have- been pub- %as 1-2 litre min-' and- approximately 0.1 -0.2 M3 Of Unfiltered_
lishedl. We- report- here the-first detailed analysesC Of DFAA and air were sampled. Most rain samples were analysed unfiltered
ptrmary amines In marine rains. Unexpectedly high concentrations and within one hour or collection. Several samples were filtered
of total DFAA were measured, averaging about 6.5 101 (16 marine (0.7 pLm glass fibre: or -0.2 I~m -memrbrane) and stored- frozen.
rain -samples)- and ranging from 1.1 to 15.2 101 (0.015 1to Filtration and frezi.ng-were round not-to alter significantly the
0.21 p.p.m.-N); these values are similar to those obtained- for composition or samples. A summary of the results -and -back
Inorganic nitrogen species'. Amino acids are predominantly found ground information on a fewv representative rain and airisamples
In-rain as-theiri.-optica) isomers and-therefore are most likely are given in Table1; detailed DrFAA and primary aninecompo-
biological In -origin;- however, the exaCt-sources Rnd-rnod.:s of sitions of these samples-are given fin Table 2. Concentrations
enrichment in rain oyer the open ocean-arc not-knowin. 7rhire Is up to 15 ILNM were observed in nirine-rairis. Procedural blanks
evidence that someor-the-amilno acidst fin particulair ntethonoine, (deCionized water or-sea water put through thie abo:'e-collection
are oxidized In (he t mospherepossibly by a heterogeneous photo- and sample handling procedures) showed no evidence orcmino
chemical pathway. The finding of-high DFAA-ind-primiary anmine acid contamination front either thie sampling personnel or the
concentrations I., marin-e rain may haie import ant, ipl Ica (ions in ship. rnnrtecriniorc-, the samiple handling and derivatization pro-
global nitrogen cycllng-and also may conlribulellocally to availabile cedures were identical to those routinely used- on the same
nitrogen at the sea 5-11rface. cruises for the determination of DF-AA-and ammnonium iii sea-
IRain, air, and seawater- samples were alysed at sea for one waer whr Ioa concentrations were-2-3 orlers or magnitude

year during four-recent cruises and at the home laboratory fin -lower than, in miost marine rain samples (Table 2).
Ndami as-part-of the SOLARS-progranme (Studies-of Light 'rte DFAA pattern of marine raini is-domninated by glycine.

-Table t Amino acids, pinary amnines, amnnioniua- and background dlata1 ror rainnnildir samples,

Prfevailing Amino Primary
Local lime windn acids- amines- NiII NO0 CI- so, 11,0,

Sample Date Location (,tsr) direction, (ILMI) (10,1) (100) (JLM) (ItM) (ILM) (11M)

Gulf1 nf Mevico
O 9/16/,85 26122'N 19:30 NNIS 13.22 0.10 13.24 is 3,024 191 38.6

89'52'W
D-9/19/85 2438'N 12:17 r. 15.17 0.08 ND) ND NI) NI) 20.2

8215'SWI

Mffal, Florida
F 10/2/85 Miami 11:00 S r 0.61 0.25 1.2 282 3,945 366 ND)

-1-3 17:10 NW 0.39 0.035 3.79 30 82 12 ND
1-3-Itydrolysis 17:10 3.03 1.32 13.14 ND NI) NI) ND

Norgltwestern AtIanfic Occan
0-3 2/23/86 25*55' N 22:55-23:21 SW 10.80 1.35 13 0& 1,169 666 52 8.4

78013'W
1~ 2/26/86 20'31' N 10:25-10:30 N 4.91 0.22 16.36 80 883 70 18.7

68'44' W
T 6/22/86 26*46' N 05:45-06:00 1; I.71 0.12 2.81 23 206 ND ND

75024'W
U 9/26/86 26'lO' N 19:00-19-05 Ii 4.04 0.65 17.52 NI) NI) ND 80

76'04' W
Marine air It 2/28/86 13'12' N 11:45-16:40 1. 2.18 0.022 1.08 527 265 29 ND

66T04'W I
Surface 10/25/86 26'30' N 14:40 C. 0.062 - 0.42 ND ND) NI) 0.012
sea water (;IM) 76104'WV

VD I. mo~t dric. iminci.
Scc ref. 17.
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PIIOTOCIE MICAL FORMATION OF GLYOXYLIC AND -PYRU VIC
ACIDS-IN SEAWATER

DAVID) J. KIBER and KENNETH MOPPER

-University of-Miami. Roseuistiel ScIhool-of Marinze and-Amos-pheric Science. JDiii of Marine
Mizd Atmosphecric- Chemistry. 4600 Richctibadicr Cousecwny. Miami. F1-33149-1093 (U.S.A.J
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ABSTRAGT

-Kieher, -DAJ am] sMopper. K.. -1987. Photochernical forma~tiont of glyoxylic and pyruvic nczils in
seawater. Marn Chem., 21:4135-149.

(Jlyoxylicid pyruvic acids were formedl-when Iilter-sterilized seawater was exposed to solar
radintion.-Production rates varied from samples collected-from distinctly different regions of the
sea. ilumnic-rich seawater from- tli Florida Boy exhibited net pliotoclocinicnl produiction rates

- (glyoxylnte. 27.5 nMI WVli m-'; pyruvate, 12.9 nhlW.hi m -) fithatwere significantly greater than net
production-rates -ror humic-poor water- (plyoxylnte. .1.1 nMJ/W-tm-2 ;,pyruvatc. 1.8 nMjW-hm-in
-collected in (lie Gulf Stream.-When scowrnter was not filtered, the concentrations of glyoxylate and
pyruvate were found to undergo diurnal variations resulting from an imbalance between biological
and photochiemical processes.

A depth itrofile of the glyoxylote concentration front several oceainic stations shqlowedI a pronoun.
ced daytin m iximuni in the tipper l0in; this finding is consistent. with lalorotory result-,tUnt-
demonstrated that glyoxylate is formed photochernically in seawater. Pyruvnte. in contrast. show-
ed no clear trend with depth; its distribution in the water column may lie prituarily controlled by
biolni -processes rather than by pltotochenicpl processes.

Biological processes are generally thought to control the spaitinl and temporal disti jtmtion of-
simple nr5~imic metnbolites in senwnter.-Our resmtnabow that pbotochenical processes may also

* ii-importanL in the marine cycling of some biocleminical compounds.

-Sunlight penetrating the sea surfacel Ipromote transforniationS of diSsol-
veci organic matter (DOM) -in the pliotic zone. In particular, sunlight call
initiate -condensation reactions Ieadlin g -to the formation or marine luilic

-substances (hlarvey et al., 1983; Moniikoff et al., 1983), and canl induice a
Ivariety of-primary and secondary photocheinicaL reactions yielding smlall,
oxidized organic and inorganic products such as aldehydes and ketones
(Mopper and Stahovec, 1986), or carbon -monoxide (Conrad and Seiler, 1980).
Zign ificant oxygen -consuniption can result fromn these photoprocesses (I.,aane
et al., 1985). Hlowever,as indicated by a recent-review by Znfiriou (1983), our -

present understanding of the nature and rates of these photoprocesses is still -

quite rudimentary.
Tliotoc lemical transformations of DOM may have an imp~ortant impact oil
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Short Communication

Determination of nanomolar levels of formate in -natural1

waters based on a luminescence enzymatic assay
GRAH AM M. VAUGI IAN nud KENNE111I MO'PPER

Unirrirmo tai, ?ocu atShof Af Afrineuni ,ttn,. tincc t. Dimn'o, ofifAtritte and Atmosphrrkc (xChntisgr. 400.1

Rlickeisbocker Cauira). Attin, Fl, 33149 (U.S.A.)

A Iight-proulueing reaction Iihing lushrec: cnlmylic-s. lia1telial luLirrasc. fernic rtclydrcxgcnasc -md cdiaiiliirac. can
be Used to determne formice acidl in rnitural %atcrs at ninuislat Loimctrations. *[lhe method i; rapid and -onvcnicni.
mcptiming no-fircconentration. demalting oir derivati,.tir'n prmcdures. tDctcrminations-,6al he done on srnull saapic:
votxixi (25S1d) at cooii Icipnpaturc and liI I 7- lie pretisimn (iC11atiii: stladm cintiozi) for sea %vntcr saitipfles
containing 1.0 Jim forinte tnis 9.0% (11 IS1). 1 hie reaction is spcific for formate, with a detection limit of 20) nhl
tsigiaal-to-nuise ratio -3). Results for applications of theic thtod to sea. emtuarinc and rain water arc given.

17ommic acid-and othter volatile fatty acids-play lc~els of l'ormnatc in -sca water, which arc expected
important roles- ill atmiosplieric-chennistry and-bin. to be inl the JIM to nMI range, hlave not been
Clhciical Patliway~k. Formic and Icc(;c acidl are ieported v, :~ xistialg methods do not have thie
formed- by photochicmical oxidation iti~tlae atmlo- reqluired sensitivity. Most methods, also involve
spherc 111~. and are known to--be imlpirtan. sub- either Cotmplicated, time-consuming sample pine-
stralcs -for bacteria inl oxic and anoxict sediments paration or have insufficienit sensitivity or sclectiv-
and pore waters 12,3J. Volatile fatty acids are a ity. -Direct detetion in natural waler satmples by
potentially important coniponcnit of I dissolved chrotnatographic techniques is pronc to inter-
organic matter in sea wvater. In t1t 1 ~t decade, feretaces. mainly fromi inorganic salts, which in

extensive~~~ reerhIsbe-oet c iracicij turn reducs the detection limit. C ninmonly used
-dissolved organic matter. -v hich plais anl itn- gas chromta11ttographic inethods involve concentri-
porlamtt 'tile in cheicacl and oceanographic tiomi. extratclioa and (lerivatim.tiotl steps 16 -81.
processes. lon-exclusion chromatography with conductivity

1li he letrmination of trace levels of %olatile detection suffers from anion interferences% which
fat acids, in Particttlar fortuic acid. in aqueous inask thle frmaate peak at thle levels expected in
samlples hlas p~roved a difficult -task niving to their sea %%ater [2). Reversed phase liquid chrommaogra-
high solubility atnd volatility. They are also not phy (PL)is sublject to low retention and poor
easily extracted or detected. Natural moaters give detecor respotise (UV and refractive index detec-
rise to further difficulties, especially where tlte tioti). Derivatiltation with chromophore-s [9 11J
sample mlatrix is eithert saline or variable in ionic Lin help overcomec this, hut high-blanks still caulSe
background and contains many, other trace organic major problemns. A recent LC method desc-ribed
compounds. Meithiods which work for rain in geta. by Mia t al. [111 and adapted for sea watecr
eral do not wvork for other natural waters. espe- samples 1121 call detect formuic acidl andl other
cially sea wvater. Withi very few exceptions 14,51, volatile faitty Mcidsiat low mlicrtonmolar' levels, bilt is

010)3-2670/91/03.50 6) 19901 IFt5vict Science Pubilisher.- O.
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Determination of Formate in Natural Waters by a Coupled
= , Enzymatic/High-Performance Liquid Chromatographic

TenchniqueI

L.tvild J. Kieber,* Graham At. Vaughan, andiHcnneth M'sopper

-University of Afiami, Rosenstiel School of-AMarine and Atmosphecric Science. Diuision-of Marine and Atmospheric

Chemiistry, 4600 Rickehbacher Causeway, Miamni, Florida 33149-1098

An-enzymiatic method-was developed to quantify formic acid matter in lacustrine and marine sediments Y.-2). Formic acid
In natural water samples at submlcromolar concentrations. is an important fermentation product or substrate for manyI
The method Is based on the oxidation of formats by formate aerobic and anaerobic bacteria and for sonme yeasts (3) Jn
dehydrogenase with corresponding reduction-of fl-nicotin7 the atmosphere, formic acid is an important product in the
-arnide-adenine dinucleotide (fl.NAD3* to reduced l-HADV -photochemical oxidation of organic matter (4).
-W .iAD)H); _f-NADH is quantified by reversed-phase high- -Despite its potential importance. formic acid has proven i
prfor a liquid chromatography wilh fluoronietric detec - difficult to quantify at submicromolar levels in natural water
liorn nipratfaueo hsmtocsta h ny samples. Formidable analytical difficuties are assoiated withj
lic rAcn ocurta diarecoftlyi aqeto s meda, teen se- its detection in highly saline samples (5). Ion exclusion, anion!
wate -r, arnd does not require sample pr~treatment other than exchange, nnl reversed-phase high-performance liquid chro-

filtration. Thmecinpoceatro emeaue inography (IiP-IIPLC) techniqjres based on the direct de-t
samp legtyakln H(.-.)adI pcf o omt tection of formic acid in aqueous samples aire prone to in-

at aslihtl alklin pH(7.-8.5 an isspeificfortorate tcrference3 (especially from inorganic -alts) that ultimatelyI
with- a detection limit of 0.5 pM ($IN = 4) for a 200-iL. limit the sensitivity of these methods.
Injection. The precision of thre method was 4.6% relative At potentially more sensitive and selectve approach involves
standard deviation (n = 6) for a 0.6 pM standard addition of reaction of formic acid with a reagent to form a chromophore
formats to Sargasso seawater. Average- recoveries of 2 pM or fluoropire. followed by chromatogmaphic; analy-ss A wide
additions of formate to seawater, porewater, or rain were 103, variety or alkylating and silylatinp reagents-hare been used
103, and 87%, respectively. lntercallbration with a Dionax for this purpose (6). Two serious drawbacks to this approach
Ion chromatographic system showed an excellent agreemont art. that inorganic solts and/or writer interfere with the de--of-98%'. Concentrations of formats present In natural sam- ritatizaition reaction, and these reactions are generally not,
pies ranged from 0.2 to 0.5 pM for Biscaynie Bay seawator, specific for formic acid or other carboxylic acids. These
0.4 to 10.0 pM for Miami rain, and 0.9 to 8.4 pM for Biscayne techniques are prone to errors from adsorption los-tes, con-
Bay sediment porewater. tamination, aind decomposition or the components of interest,

(7.). Enzymantic techniques, in contrast. are ideal for the
nailysis of naitural wrater samples, since they are compatible

TI1-ere is considerable interest in the rule of foruni mutl ith aqlueols niedja and involv~e little or no chemnictil or
other % olatile fatty acids in the eatrly dagencsis of or ganic phyriial alteratiuns of the siample (e~g., phl, temperature) that

~~ 5 ~00 lose5 Anwuilcn citen'aiSO'i.


